Abstract. The sliding mode control problem is investigated for a class of nonlinear systems with the unmatched nonlinearity which satisfies a quadratic constraint. Based on Lyapunov stability theory, utilizing the singular value decomposition method, the sliding mode control is formulated to stabilize the considered systems.
Introduction
Since sliding mode control (SMC) possesses the strong robustness ability to eliminate or compensate the model uncertainties, parameter variations, and external disturbances [1] [2] [3] [4] [5] , SMC is an effective control approach and is extensively researched. In [6] , a novel SMC law is proposed to deliver the tip of a flexible asymmetric-tipped needle to a desired point or to track a desired trajectory within tissue. In [7] , an approach known as the TSMC is employed to achieve the objective of fast converging times without excessive control effort.
However, there are few reports on optimization for control gain and upper bound of the unmatched nonlinearity, which is the motivation of the present paper. In this paper, two state transformation techniques, which are singular value decomposition transformation and descriptor system model transformation, are employed to obtain the existence condition of sliding surface and the upper bound of the unmatched nonlinear term. Also, as a key characteristic of this paper, the tuned parameters are introduced to reduce the chattering phenomenon. Under the solvable condition of the convex problem, one can obtain the upper bound on the nonlinear term which guarantees the considered systems are stable.
The problem formulation for the considered system based on sliding mode control law is described in Section 2. The sliding surface design and the reaching motion control design are developed in Section 3. In Section 4, a numerical example is given to illustrate the proposed method. Finally, one can obtain some conclusions in Section 5.
Problem formulation
Consider the following nonlinear systems
where ( can be bounded by a quadratic inequality
where H is a constant matrix, and In this paper, we assume that 
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, we can obtain another form of (1) as follows: 
where
. We construct a sliding surface as follows:
Noting the second equation of (6) and (7), we can obtain the following sliding motion: 
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